INTRODUCTION
The debate on stem cell research, together with the ethical questions the respective technologies have raised, has entailed intense and passionate discussions within the most diverse sectors of society. These discussions, often highlighted by interests that are neither scientific nor ethical, must not necessarily be considered as good exercises in either ethical reflection or scientific education.
Bioethics has been called to intervene within the framework of science mainly in three different ways: (a) by imposing limits, in a repressive action, determined by the fear of the unprecedented or unknown; (b) through the elaboration of rules, thus in terms of a regulatory action due to legal requirements; and (c) through education and awareness. 1 However, it is important to stress that in our opinion bioethics is not useful if it degenerates into a mere 'repair' of technical deficiencies and weaknesses, or a stop-gap and/or after-thought exercise. Bioethics should not hamper progress, but rather promote constant refocusing. 'What should I do?' together with 'How do I do it?' should be the questions of choice and not necessarily 'what can I do?' It is crucial, in our view, that in this strategy of reorientation, science becomes aware of and permeable to the ethical concerns, and likewise ethics finds the sensitivity to become permeable to scientific issues.
Today, ethical reflections appear as an important part in any field of scientific research. We would like to highlight some factors involved in the narrowing of the relationship between ethics and science and it may be important to justify the interest in the area of bioethics, at several levels, notably among non-scientists. 2 The core issues of reflection of bioethics have also recently suffered considerable fluctuations. Initially, the main focus had been problems that were drawn from concrete medical practice. Indeed, in this particular realm (especially involving clinical trials and the introduction of novel therapies to patients) one should note that arguments have been made in terms of considering ethics reviews as a possible (unethical) hindrance to medical progress by causing delays and not being cost-effective (see, eg, Whitney and Schneider 3 ). However, immediate applications are not the focus here. In fact, we could consider the rebirth of the broad concept of bioethics originally proposed by Potter. 4 An important adjustment could be pointed to as a reason for this change: the movement from an agenda with only persistent areas (abortion, euthanasia, and others) to an agenda with puzzling emerging and new areas (cloning, gene therapy, stem cells, nanotechnology, among others). This exercise of thinking the ethical before the scientific (or in parallel with it) enabled an important approach between science and ethics. Importantly, the transdisciplinary nature of bioethics, is important in two different ways: on the one hand, it calls upon different authors-the philosopher, biologist, physician, nurse, pharmacist, lawyer, theologian-for reflection; and on the other, it must reach the different audiences involved and become intelligible to a significant fringe of the population who still feels excluded from the scientific debate, thus encouraging reflection and society participation in these topics. Other factors, more external perhaps, such as political, economic, religious, social and media exposure, among others, must also be considered in order to understand this new relationship between ethics and science.
Science, here used as technoscience (ie, in conjunction with technology), has increasingly been subject to economic pressures at several levels, involving return of investment considerations from both private and public agents. The slower pace of bioethical reflection had thus to be adapted to withstand compelling pressures of financial and political priorities, as scientific issues have never had such a significant presence in the political agenda. 5 Society can feel increasingly challenged by scientific issues, and when faced with the difficulties inherent to scientific understanding, even perhaps experience some measure of vulnerability due to several factors. This is especially visible in topics related to the human body and reproduction. As stated by Luís Archer, it is quite possible that the popularity of bioethics derives in part from an instinctive voice of society in order to compensate the dehumanizing technologism of 'bio' (the details of which are limited to a few experts, and that society tends to never fully understand as a whole) with humanist considerations of 'ethics' (to which most, if not all, elements of society can contribute). 6 The media have also had a central role in this issue. Despite the emergence of many well-prepared and insightful science bloggers, in many cases the goal seems to be to stir up controversy and even avoid consensus by fostering radical positions that are often not even representative, with the popularization of erroneous concepts despite recent efforts to encourage both education and the participation of society in science policy discussions. The extensive airtime given to those who promised to (successfully) perform human cloning at the end of the previous century is a good example of this, as coverage was purely dependent on ethical narratives, disregarding the glaring technical issues clear from model animal experiments (from 'Dolly, the sheep' onwards), which put such efforts beyond reasonable plausibility. 7 Importantly, it should be also be noted that many practicing scientists consider Science as a self-correcting enterprise, and that, in the long run end, the mechanisms for validation work with no great need for regulatory or non-scientific discussions. But these mechanisms could be painfully slow, and in the meantime, there are policies to implement and decisions to be made. 7 
STEM CELL RESEARCH: ETHICS AND SCIENTIFIC CROSSROADS
We begin with a necessarily brief overview of stem cell research. We will first introduce a few general concepts and note previous debates that were important in stem cell research but have now become, in practice, obsolete (such as that concerning cloning) before mentioning the novel-emerging avenues, namely those involving induced pluripotent stem cells (IPSC) where more bioethical reflection would be welcome.
The essential characteristics of all stem cells are their ability for selfrenewal and the ability to form one or more specialised cell types over time. [8] [9] [10] A distinction is usually made between the different types of stem cells according to origin, degree of differentiation and especially developmental potential. With regard to differentiation properties, there are different types of stem cells: pluripotent, multipotent and unipotent. [11] [12] [13] [14] The fertilized human egg cell is totipotent (but not really a stem cell, as it cannot self-renew), meaning that it has full potency. The first mitotic divides the zygote into two blastomeres, which then subsequently divide to form four and eight cell embryos. These cells are not yet specialized and any one of them can theoretically develop into a new organism if implanted in the uterine mucosa. However, it should be noted that the early embryo has a truncated cell cycle and that each division results in more cells that are progressively smaller. The decreasing amount of cytoplasm per cell progressively reduces the potential of forming a complete individual, even though the cell nucleus may maintain this capability. 15 Around the fourth or fifth day of development, the first lineage specification becomes obvious when a peripheral layer (the trophoblast) is formed. This layer is responsible for the embryonic contribution to the placenta, while the inner cell mass or pluriblast, remains undifferentiated. The cells of the inner cell mass, called pluripotent embryonic stem cells, will continue to develop and can make any type of cell derived from any of the three embryonic germ layers (ectoderm, endoderm and mesoderm) and some extraembryonic structures, without, however, being able to contribute to the placenta. After implantation, they differentiate into committed cells with specific lineages and particular functions; these more committed cells are multipotent or unipotent, depending on the cell types that arise from them. However, in this case the cell types generated are limited and more focused on one germ layer.
The pluripotent cell lines derived from the inner cell mass and removed from the biological context of the embryo are called embryonic stem cells. These cells can remain undifferentiated in culture, essentially maintaining the properties of the pluriblast, with the innate ability of forming any cell type provided the appropriate differentiation cues are provided. 8, 9 Finally, we have stem cells isolated from adults, that is, adult stem cells. Adult stem cells share at least two characteristics with embryonic stem cells; 16 (a) the capacity for selfrenewal and (b) the possibility to create differentiated cells with characteristic morphologies and specialized functions. On the other hand, and crucially, they have been found to be (reproducibly) only multipotent or unipotent, not pluripotent.
The interest of stem cells in basic research should not be confused with possible translational applications. Embryonic stem cells were always known to pose problems in terms of clinical applications, namely for three reasons: (a) the difficulty in obtaining pure differentiated and functional cells in large numbers; (b) the tumorogenic potential that is associated with pluripotency, and (c) the possibility of rejection upon transplantation, as, being isolated from embryos, these cells would not be identical to any existing patient. On the other hand, the use of embryonic stem cells in terms of studying mammalian differentiation and oncogenesis in vitro, and as tools in potential pharmacological and toxicological screening (eg, reducing animal testing), has shown promise.
The first stem cells to have been applied clinically were adult (hematopoietic) stem cells, which have been used for decades in bone marrow transplantation, ironically with the expression 'stem cell' being associated with this procedure many years after it was proven highly successful. Unsurprisingly, adult stem cells are currently at the forefront in potential future transplantation strategies. In the most recent studies, research has been essentially based on the use of mesenchymal stem cells isolated from the umbilical cord blood, umbilical cord matrix and bone marrow. 17, 18 However, it is important to highlight that there is still a long way to go in this area, and subsequent studies should demonstrate unequivocally (a) differentiation into functional somatic cells that integrate into existing tissues allowing recovery in vivo; (b) the non-formation of tumors; (c) the availability in sufficient number (and/or consequent expansion) of useful cells; and (d) that the results reported are reproducible in a variety of scientific and clinical settings (this has been a main cause of concern in the field).
PLURIPOTENT STEM CELL RESEARCH: EMBRYO DESTRUCTION VERSUS NON-EMBRYONIC SOURCES
From the start embryonic stem cell research was marred by controversy, given that the standard production method involves the destruction of human embryos. It is equally clear that the attitude adopted in this case depends on the relative position as to the status of the embryo, a position that is far from being consensual. From an interview given to the New York Times on 22 November 2007, 19 Jamie Thomson, the creator of the first human embryonic stem cell lines, notes: 'If human embryonic stem cell research does not make you at least a little bit uncomfortable, you have not thought about it enough. ' This explains the many elaborate (and even convoluted) strategies proposed, some more feasible than others, which allowed for the harvesting of cells with 'stemness' characteristics while minimizing embryo destruction. 20 The introduction (and lengthy discussion) of alternatives had clearly more to do with bioethical concerns than that with scientific issues. These proposals could be divided into two main groups: those that involved embryos or oocytes in a manner that would reduce bioethical concerns; and those that tried to use non-embryonic stem cells in novel ways, so as to sidestep the issue entirely. The second group includes adult stem cells, or cells harvested from amniotic fluid or umbilical cord. As discussed above, these stem cells are already committed to a specific cell line. However, this commitment may not be as definitive as was initially thought, and some studies suggested that adult stem cells may give rise to specialised cell types of a tissue, other than that from which they originated. [21] [22] [23] [24] [25] [26] However, the practical use of this sort of phenomena has to be treated with care, as previously reported experiments on this topic in the past 27 have been shown to be non-reproducible. Therefore, adult stem cells are more realistically being proposed as a possible source of material to treat the tissue of origin or closely related tissues. 28 Another aspect that is often neglected relates to the fact that research with adult stem cells may not result necessarily in applications involving transplantation of cells cultured and modified ex vivo but lead to strategies focusing on interventions stimulating resident stem cells in the body. Going back in developmental time, stem cells from the amniotic fluid and umbilical cord seem promising, 18 but, again, whether the unexpected pluripotency reported in some studies is reproducible and reliable remains an unresolved issue.
In terms of strategies involving oocytes and embryos, several proposals were also advanced. The use of surplus embryos resulting from medically assisted procreation techniques was perhaps the most discussed, but ethical objections remain due to considerations regarding the nature of the human embryo, namely whether there is an expectation of it being brought to term or not. In this regard, using embryos that are unviable, either because they have anomalies preventing them from implanting or because they have stopped developing, might be a better option, as these embryos can still produce pluripotent embryonic stem cell lines. 29 The difficulty of this approach lies primarily in the criteria for embryonic death.
A related proposal posited the creation of a genetically altered embryo so as to attain the blastocyst stage but prevent any possibility for implantation. 30 However, pre-engineering a cell so as to reduce its future developmental potential seems a rather convoluted procedure, from both a scientific and a bioethical perspective.
Another strategy is embryo biopsy. 31 The method uses the technique used in pre-implantation genetic diagnosis to remove an embryo biopsy and develop embryonic stem cell lines without compromising implantation. However, not only is there the possible difficulty of considering the biopsy itself totipotent (and therefore worthy of protection), but it also seems naive to assume that embryo viability would not be affected by the procedure, and a more ethical possibility might be to use this technique only on embryos that were already undergoing pre-implantation genetic diagnosis. Yet another strategy is parthenogenesis 32 where an oocyte is stimulated to develop as if it had been fertilized. Parthenogenetic embryos have grown to the blastocyst stage (when pluripotent stem cells are harvested), although these cells show differences when compared with other embryonic stem cells.
Finally, one issue that lingered in all the strategies noted above is that of genetic matching of cells with putative therapeutic potential to a specific patient. With the exception of using the patient's own adult stem cells all other strategies ignore this issue. It is in this context that cloning/somatic cell nuclear transfer (SCNT) must be understood and discussed. This technique would constitute a source of cells with a pre-determined genetic make-up and involves transferring the nucleus of a somatic cell taken from an individual to an enucleated oocyte, reprogramming this nucleus in the resulting construct, and then isolating and differentiating the immunologically compatible patientspecific embryonic stem cells. SCNT was thus intimately involved in the debate on stem cell research, as a possible strategy for avoiding immunological complications. A central ethical question that was immediately considered in this case was whether the cloned embryo differs from any other embryo. Terms such as: 'embryonoid' , 'nuclovule' , 'activated cell' and 'technical artefact' were suggested for the result of cloning by nuclear transfer, on the grounds that there were no plans for implantation. 33, 34 Using the same argument, but now in order to cast doubt, other authors claim that as it is alive and one cannot exclude the possibility of it developing into a new human life, it differs in no essential way from another embryo. 35 However, the creation of embryos through SCNT entailed countless technical difficulties, including the need for an extremely high number of oocytes. In fact, although basic scientific questions may still be answered with this technique, the therapeutic implications of SCNT can now be considered null also from a scientific standpoint, leading this discussion to semi-irrelevant status except in terms of the historical context. Indeed, many of the discussions noted above involving embryos, while certainly valid, are no longer at the cutting edge of research, as the field of stem cells was completely shifted following the introduction of IPSC by Yamanaka and collaborators. 36, 37 These studies demonstrate the possibility of reprogramming adult somatic cells into pluripotent stem cells that mirror embryonic stem cells, using the forced expression of genes shown to be essential in maintaining the main characteristics of embryonic stem cells. 38 IPSCs can then be differentiated into all cell types of interest although it should be noted that embryonic stem cells are still viewed as a 'golden standard' for pluripotency studies, 39 and there may be important epigenetic and genomic instability differences in IPSC relative to this standard that may be relevant for future clinical applications. [40] [41] [42] [43] [44] Nevertheless, it is fair to say that current translation-oriented pluripotent stem cell research focuses mostly on IPSC and that embryo-based research is more focused on the study of the embryo itself. There are several reasons for this, namely: (a) It is technically simple, certainly much simpler than SCNT; (b) cells from an adult patient can be used, thus ensuring genetic compatibility; (c) the reprogramming of somatic cells takes place without oocytes or the need to discuss embryo status; and (d) it was immediately shown to be extremely reproducible, again unlike SCNT which, in humans, was further marred by the Woo-Suk Huang fraud. Indeed the therapeutic strategies tested in model animals with SCNT were quickly and successfully repeated using IPSC.
To what can the success of this development be due? Basic science efforts, as a reaction to technical difficulties regarding both access to oocytes and SCNT, or even because of some unwillingness to deal with ethical issues? Probably a mixture of circumstances. Shinya Yamanaka has famously (and repeatedly) stated that to obtain IPSC 'neither eggs nor embryos are necessary. I've never worked with either' , 45 and, although with the benefit of hindsight, it seems unlikely that the difficulties in working with embryos did not play a part in the active search for alternatives that ultimately resulted in IPSC.
Nevertheless, in spite of these surprising developments, it must be stressed that many issues related to the putative use of embryonic stem cells are also valid for IPSCs: (a) the need for efficient differentiation into cells of interest; (b) unequivocal demonstration that, when transplanted, the cells allow for damage recovery in vivo; (c) the tumorogenic potential of IPSC is the same as that of embryonic stem cells; and (d) the success of proof of principle strategies in model animals such as mice does not necessarily translate to human applications. Therefore, the continuing need for a bioethical perspective remains in terms of the possible implementation of therapeutic interventions, including feasibility, safety, cost/ benefit and accessibility.
But there are other challenges for bioethics in this field, some of which have received more attention than others. 15 For example, given that IPSC are 'embryo-like' (although not totipotent) should there be any concerns regarding their creation and use? Could they be used to non-canonically derive human gametes in vitro and what should be the ethical framework for the clinical or research use of these cells? Could IPSC be used to form human chimaeras by mixing IPSC from two distinct donors, thus resulting in a single individual with a mixed genome that is not obtained by a fusion of gametes (as shown for mice)? Will the recently described direct differentiation of one somatic cell type into another, skipping a pluripotent IPSC intermediate stage, change any of the discussions? Clearly more (pro)active bioethics thinking should be welcomed at this stage, now that the embryo issue has been 'resolved' .
CONCLUSION
Posing doubts and formulating challenges in order to resolve objections or ethical uncertainties is a clear example of the healthy exercise in both ethics and science. In fact, the raising of serious ethical worries led scientists to look for solutions which avoided the destruction of human embryos; and that this effort possibly resulted in obtaining better outcomes from a scientific point of view. This strategy could perhaps be put to use in other similarly controversial fields.
In the case of cutting edge issues, which are still enveloped in possibilities and doubt, the problems must be presented unambiguously, so that ethical conclusions may be placed clearly and possible novel scientific solutions found. Commitment must be to the truth, a truth that is always provisional, refutable and questionable. Furthermore, the use of unfocussed images, poorly chosen simplistic metaphors and hyperbole should be avoided. In the words of Dietmar Mieth, 46 'the term 'stem cells' has become the magic password for entering a medical utopia where physicians will be able to overcome all human ailments once and for all' . Viewed from another perspective, the dangers and limitations of stem cell research were also often similarly exacerbated, namely in debates that linked the status of the embryo with more vast considerations in terms of human life.
Another inherent question to this matter of hyperbole cannot be ignored: the fact that the dynamic imposed on these debates may create unfounded expectations or fears in vulnerable sections of society. Borrowing from Winston Churchill's famous observation on Russia, stem cell research has been 'a riddle, wrapped in a mystery, inside an enigma' . But, like all worthwhile enigmas, it can render truths, both expected and unexpected. How they are subsequently framed and used should be a welcome challenge for the future.
